Macrophage cultures pulsed with viable Mycobacterium leprae were assessed for erythrocyte rosetting in three groups of individuals, i.e., normal subjects, and tuberculoid and lepromatous patients. Of these, only the lepromatous group showed a reduction in rosetting ability after infection with M. leprae. The specificity of such a reduction pattern was confirmed by using various mycobacteria to infect the macrophages. A it enhanced rosetting values of both control and infected cultures. These manipulations were significant in elucidating the target point of the host (macrophage) and parasite (M. leprae) interaction and in delineation of the external and internal effects upon the macrophages. Both M. leprae and macrophages were participants in Fc reduction, as treatment of the former with rifampicin and of the latter with cyclocheximide significantly augmented the rosetting ability. In conclusion, it appears that M. leprae, upon entering a lepromatous macrophage, initiates the production of a protein which acts via the microtubules to alter membrane topography. It is possible that the altered membrane prevents effective macrophage-lymphocyte interaction. This could be one of the mechanisms by which cell-mediated immunity is suppressed in lepromatous leprosy.
alterations in macrophages from lepromatous patients were reversible by treatment with trypsin and colchicine. Cytochalasin B and Tween 80 were unable to alter the pattern. Treatment of cells with neuraminidase was inconclusive since it enhanced rosetting values of both control and infected cultures. These manipulations were significant in elucidating the target point of the host (macrophage) and parasite (M. leprae) interaction and in delineation of the external and internal effects upon the macrophages. Both M. leprae and macrophages were participants in Fc reduction, as treatment of the former with rifampicin and of the latter with cyclocheximide significantly augmented the rosetting ability. In conclusion, it appears that M. leprae, upon entering a lepromatous macrophage, initiates the production of a protein which acts via the microtubules to alter membrane topography. It is possible that the altered membrane prevents effective macrophage-lymphocyte interaction. This could be one of the mechanisms by which cell-mediated immunity is suppressed in lepromatous leprosy.
In lepromatous leprosy, the patient is incapable of developing a cell-mediated immune response against Mycobacterium leprae, and bacilli are found to reside intracellularly in large numbers in macrophages. This parasitism results from an interaction between the macrophages and M. leprae, and it has been suggested (7) that the outcome of-this interaction may culminate in the symptoms and pathology associated with this spectrum of the disease.
We have studied several parameters to determine the altered metabolism of the infected macrophage, such as protein synthesis (3) and the production of a suppressor factor (12) . In this paper, an attempt has been made to ascertain how the parasitized macrophage communicates with its surroundings. Since receptors are the prime mode of cellular communication, in the present study attention has been focused on the Fc receptors as markers for the integrity of the macrophage membrane.
The Fc receptors are of considerable significance in the phagocytosis of opsonized particles, antibody-dependent cellular cytotoxicity (14) , and have been implicated in the etiology of the inflammatory signals in granuloma formation (2) . The importance of this receptor in the participation of the macrophage in the immune response makes it an ideal marker for this study.
MATERIALS AND METHODS
Choice of patients. Leprosy patients were classified according to the Ridley and Jopling classification (10) . The lepromatous patients were further subdivided into long-term-treated lepromatous patients who were bacteriologically negative (BI-ve), i.e., did not demonstrate acid-fast bacilli (AFB) in skin smears, and bacteriologically positive patients who demonstrated AFB in their skin smears.
Macrophages. Mononuclear cells were isolated from heparinized peripheral blood by sedimentation in 6% In a second set of experiments, 24 h after M. leprae infection of the macrophage cultures, cycloheximide was added for 48 h before EA rosetting was done.
Treatment with rifampicin. Rifampicin (10 p.g/ml; no. R3501; Sigma) was added to the macrophage culture 24 h before M. leprae infection. After the excess M. leprae was washed off, the cultures were maintained for an additional 48 h in medium containing rifampicin.
RESULTS

Infection of macrophages from normal subjects
and from leprosy patients in vitro with viable M. keprae. There were no significant differences in the numbers of macrophages from normal subjects and tuberculoid and lepromatous patients that phagocytized M. leprae. The values were 52, 58, and 72%, respectively.
Macrophages from normal subjects and from long-term-treated tuberculoid patients did not show any significant difference in EA rosetting of macrophages after M. leprae infection when compared with control cultures. However, a significant decrease (P < 0.005) was seen in treated lepromatous (BI-ve) patient macrophages infected with M. Ieprae when compared with a control culture of the same patient ( Fig. 5a and b) , although with neuraminidase treatment the percentage of rosetting cells increased in both control and M. lepraeinfected cultures; however, the M. leprae-induced decrease was still evident (Fig. 5a) .
Effect of trypsin. Both concentrations of trypsin used were able to nullify the effect of M. leprae on macrophages and return the percentage of EA rosetting to normal levels ( Fig. 6a and  b) . This reversal was, however, temporary, since further incubation of the cultures after trypsin had been washed off reduced the rosetting level again (Fig. 6c) . The moiety affected by the interaction between the lepromatous macrophage and the pathogenic M. leprae and responsible for the alteration in Fc levels was extremely trypsin sensitive, since 0.05% trypsin (Fig. 6a) could also nullify its effect while not having any direct effect on the Fc receptors themselves.
Effects of cytochalasin B and coichicine. The M. leprae-induced alteration in EA rosetting was abolished when cultures were treated with colchicine (P < 0.005) (Fig. 7a ), but not with cytochalisin B (Fig. 7b) . Thus, microtubule, but not microfilament, involvement is indicated in the reduction of the rosetting ability of lepromatous macrophages containing M. leprae.
Effects of cycloheximide and rifampicin. It is evident from the data presented in Fig. 8 that the levels of EA rosetting were restored if cycloheximide was added together with M. leprae in both macrophage populations, i.e., macrophages containing intracellular M. leprae and macrophages without intracellular bacilli. However, if M. leprae was added 48 h before the addition of cycloheximide, only the macrophages with no intracellular bacilli showed improved levels of rosetting (Fig. 8) . In uninfected cultures treated with cycloheximide, there was no deviation from control values.
If M. Ieprae metabolism was blocked with rifampicin, a known antileprosy drug, the reduction in the amount of EA rosetting seen in M. Ieprae-infected macrophage cultures without rifampicin was not exhibited (Fig. 9) .
This suggests that metabolically active macro-INFECT. IMMUN.
phages and M. leprae was required for the reduction in the EA rosetting ability of the macrophages. DISCUSSION Knowledge of the organization and dynamics of the membrane is a prerequisite for any useful attempt to build models on how various inflammatory signals can be transduced through the membrane. Such dynamic processes could be studied by the expression of receptors on the membrane.
The data of Amsden and Boros (2) revealed marked differences in cell kinetics and the display and specificity of Fc receptors of macrophages obtained from various granulomas. These differences seemed related to the etiology of the granuloma and to the intensity and duration of the inflammatory signals that prevailed in the lesions. Similar studies have been carried out for leprosy by Ridley et al. (11 Macrophages from six contacts showed an ability to react to M. leprae similar to macrophages from lepromatous patients (unpublished data). The association between genetic markers and susceptibility to lepromatous leprosy has also been demonstrated by other workers (6, 9) .
That an inhibitory factor (protein) does result from an lepromatous macrophage-M. leprae interaction is evident from Fig. 4 In conclusion, it appears that M. leprae, upon entering lepromatous macrophages, initiates the production of a protein(s) which acts via the microtubules to alter membrane topography. This alteration is extremely trypsin sensitive. The infected macrophage also releases a factor into the environment which is responsible for the amplification of the defect in other macrophages. It is possible that the altered membrane prevents effective macrophage-lymphocyte interaction. This could be one of the mechanisms by which cell-mediated immunity is suppressed in lepromatous leprosy. Macrophages have also been implicated in the reduced cell-mediated immunity found in lepromatous leprosy.
The importance of monitoring macrophage receptors in other infectious disease remains hypothetical until additional data are gathered. However, it would be attractive to imagine sequestration of receptors as a distinctive character of a "suppressor macrophage" or as a measure of specific susceptibility, or both. More generally, it may serve to unify suppressor interactions in a group of related infectious diseases.
